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ABSTRACT 
 

Decreasing the dimensions of structures to nano-scale are known to open up a whole new realm 

of fascinating properties, primarily due to the enhanced surface area to volume ratio and 

changes in the density of states and bandgap. 

The present study encompasses the optimisation of the synthesis and growth of group IV- alloy 

and core shell nanoparticles using the Integrated gas phase deposition setup involving the use 

of a Differential Mobility Analyser (DMA) for controlled size selection by electrical mobility 

manipulation. In-depth study of their structural, morphological and compositional properties 

using HRTEM, XRD and XPS and of their optical properties using PL, Raman and UV-Vis 

spectroscopy provide a deeper insight into the physics of defects and O-vacancies. 

The versatility of this synthesis technique allowed us to play with the stoichiometeries of tin 

(oxide)x nanoparticles and analyse the different modes of incorporation of Carbon into these 

nanoaprticle lattices. The gas sensing properties of SnO2, SnO2:C alloy, SnO and C@ SnO 

core-shell nanoaprticles towards two reducing gases : H2 and ethanol, helped in exploring the 

selectivity of these two structures at lower operational temperatures. The study of their defects 

and optical properties provided a deeper insight into the gas sensing mechanism behind. 

Group IV compounds are shown to have large calculated phonon gaps and small electronic 

band gap (Eg), as well as several other advantages, sufficient to block Klemen’s decay. The 

optimisation of the growth and synthesis of the SiSn nanoparticle system using the integrated 

gas phase deposition setup was carried out in this direction. SiSn stands out as one of the main 

candidates for a Hot Carrier Absorber (HCA) material and the DFT studies carried out, further 

probed the phonon spectra of this system providing a proof of principle study for its application 

towards HCSCs. 

The optimisation and growth of Au and Au@silica nanoparticle system using the integrated 

gas phase deposition setup was also studied. In-depth study of the structural and optical 
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properties of these nanostructures helped in understanding the plasmonic properties of naive 

Au nanoparticles and the effect of forming multiple core-shell satellite structures with the most 

popular silica. Comparison of the experimentally observed spectra with the theoretically 

observed electric field distributions in the nano-composite core-shell structures using FDTD 

calculations provided a panoramic view and understanding. These Au decorated silica 

nanoparticles were further interacted with interacted with human genomic DNA to understand 

the shifts in LSPR post DNA interaction, thus exploring the bioanalytical technique for routine 

characterization of molecular recognization events at a solid interface using the UV-Vis 

spectroscopy. The study of I-V properties of these structures embedded in a SiO2 matrix showed 

improved resistive switching that was ‘forming free’. The concept of stable bipolar switching 

explained by the filamentary and electromigration theory of vacancies and defects helped in 

suggesting the suitability of the candidature of the synthesised nano-composite thin film 

structures for application in memory devices like ReRAMs. 



सार 

 

घटाना आयाम का सरंचनाओं सेवा मेरे ननैो पमैाने पर कर रहे हैं जानने वाला सेवा 

मेरे खुला ऊपर ए परूा का परूा नया आकर्षक गणुों के दायरे, मखु्य रूप से सतह के क्षते्र में आयतन 

अनपुात और राज्यों के घनत्व में पररवतषन के कारण और ऊजाष अतंराल। 

वतषमान अध्ययन अतंगषत कई अनकूुलन का सशं्लेर्ण तथा ववकास का समहू IV- ववद्यतु 

गततशीलता हेरफेर द्वारा तनयतं्रत्रत आकार चयन के ललए एक ववभदेक मोत्रिललटी एनालाइज़र 

(डीएमए) का उपयोग करत ेहुए एकीकृत गसै चरण जमाव सेटअप का उपयोग करके लमश्र धात ु

और कोर शले ननैोकणों। एचआरटीईएम, एक्सआरडी और एक्सपीएस और पीएल, रमन और 

यवूी-ववज़ स्पके्रोस्कोपी का उपयोग करत ेहुए उनके ऑप्टटकल गणुों का उपयोग करत ेहुए उनके 

सरंचनात्मक, रूपात्मक और सरंचनात्मक गणुों का गहन अध्ययन, दोर्ों की भौततकी में एक 

गहरी अतंर्दषप्टट प्रदान करता है और O-ररप्क्तयों। 

इस सशं्लेर्ण तकनीक की िहुमखुी प्रततभा ने हमें टटन (ऑक्साइड) एक्स ननैोकणों के 

स्टोककओमरेीज़ के साथ खेलने की अनमुतत दी और कािषन के तनगमन के ववलभन्न तरीकों का 

ववश्लेर्ण इन ननैोपाटटषकल अक्षाशंों में ककया। एसएनओ 2 , एसएनओ 2 : सी लमश्र धात,ु 

एसएनओ और सी @ एसएनओ कोर-शले ननैो-आटटषकल्स की गसै सेंलसगं गणु दो कम करने वाली 

गसैों की ओर: एच 2 और इथेनॉल, चयनात्मकता की खोज में मदद 

की का इन दो सरंचनाओं पर कम पररचालन तापमान। अध्ययन का जो अपने दोर् और 

ऑप्टटकल गणुों ने गसै सवंदेी ततं्र में एक गहरी अतंर्दषप्टट प्रदान की पीछे। 

समहू IV यौगगकों को िडी गणना की गई फोनन गपै और छोटे इलेक्रॉतनक िैंड गपै (ईजी), साथ 

ही कई अन्य फायदे टदखाए गए हैं, जो क्लेमेन के क्षय को रोकने के ललए पयाषटत हैं। एकीकृत गसै 

का उपयोग करके SiS ननैोपाटटषकल लसस्टम के ववकास और सशं्लेर्ण का 

अनकूुलन अवस्था तनक्षेप सेट 

अप था ककया िाहर में इस टदशा। SiSnखडा िाहर जैसा एक का मखु्य उम्मीदवार के 



ललये ए गरम वाहक सोखनेवाला (एचसीए) सामग्री तथा एफ टी अध्ययन करत े

हैं ककया िाहर, आग े जाचं की गई phonon स्पके्रा का इस प्रणाली उपलब्ध कराने 

के ए प्रमाण का लसद्धांत अध्ययन के ललये आईटी इस के ललए आवेदन HCSCs। 

एकीकृत गसै चरण जमाव सटेअप का उपयोग करके Au और Au @ लसललका ननैोपाटटषकल 

प्रणाली के अनकूुलन और ववकास का भी अध्ययन ककया गया था। सरंचनात्मक और ऑप्टटकल 

का गहराई से अध्ययन  

इन ननैॉस्रक्टसष के गणुों ने भोले अऊ के टलास्मोतनक गणुों को समझने में मदद 

की ननैोकणों तथा प्रभाव का गठन ववलभन्न कोर शलै उपग्रह सरंचनाओं साथ में सिसे लोकवप्रय 

लसललका। प्रयोगात्मक रूप से देखे गए स्पके्रा की तलुना एफडीडीटी गणना का उपयोग करत ेहुए 

ननैो-कम्पोप्जट कोर-शले सरंचनाओं में सदै्धातंतक रूप से देखे गए ववद्यतु क्षते्र ववतरण के साथ 

एक मनोरम र्दश्य और समझ प्रदान की गई। इन एयू से सजाए गए लसललका ननैोपाटटषकल्स को 

मानव जीनोलमक डीएनए के साथ िातचीत के साथ आग े िढाया 

गया समझो िदलाव में LSPR पद डीएनए िातचीत, इस 

प्रकार तलाश bioanalytical तकनीक के ललये यवूी-ववज़ स्पके्रोस्कोपी का उपयोग करके एक 

ठोस इंटरफेस पर आणववक पहचान की घटनाओं का तनयलमत लक्षण वणषन । एक 

SiO 2 मटैरक्स में एम्िेडडे इन सरंचनाओं के IV गणुों के अध्ययन ने सधुार प्रततरोधी प्स्वगचगं को 

टदखाया जो कक 'मकु्त िनाने' था। प्स्थर द्ववध्रुवी प्स्वगचगं की अवधारणा को ररप्क्तयों और दोर्ों 

के कफलामेंटरी और इलेक्रोमकेशन लसद्धांत द्वारा समझाया गया है, जो स्मतृत उपकरणों में 

आवेदन के ललए सशं्लेवर्त ननैो-समग्र पतली कफल्म सरंचनाओं की उम्मीदवारी की उपयकु्तता 

का सझुाव देने में मदद करता है। ReRAMs।  
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(O2 + N2), (2) reducing environment (2% H2 balanced N2) and 

(3) inert environment (N2). 

87 

Figure 3.2(a) Schematic diagram showing the synthesis of stoichiometeric 

SnOx nanoparticles by using both electrodes of Sn (‘T’) with 

different carrier gas composition: (1) Oxidising environment (O2    

+  N2),  TTO1TTO2  (2)  reducing  environment  (2%    H2 

balanced  N2),  TTH1   TTH2   (3)   inert   environment (N2), 

TTN1 TTN2. 
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Figure 3.2(b) Schematic   diagram   showing   the   synthesis   of   tin oxide:C 

 

nanoparticles by using electrodes of Sn (‘T’) and graphite (‘C’) 

with carrier gas composition: (1) Oxidising environment (O2 + 

N2), TCO1TCO2  (2)  reducing environment  (  2% H2 balanced 

N2), TCH1 TCH2 (3) inert environment (N2), TCN1 TCN2. 
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Figure 3.3 (a)HRTEM micrographs showing the conversion of nano- 

nucleates of SnO (TTH1), SnOx (TTN1) and SnO2 (TTO1) to 

well crystalline spherical SnO (TTH2), SnOx (TTN2) and SnO2 

(TTO2) nanoparticles on sintering. (b) HRTEM micrographs 

illustrating the conversion of nano-nucleates of SnO:C(TCH1), 

SnOx:C(TCN1) and SnO2 :C (TCO1) to well crystalline 

spherical SnO:C core-shell (TCH2), SnOx :C alloy (TCN2) and 

SnO2:C alloy (TCO2) nanoparticles on sintering at 1100°C. 
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Figure 3.4 FFT analysis of SAED pattern for TCH2 .Core (encircled in (b)) 

composition of SnO phase is reported with an intermediate 

transition interface layer(encircled in (c)) of SnO:C alloy and an 

amorphous shell of C (d). 
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Figure 3.5 XRD graphs of the sintered TTN2, TTH2 and TTO2 

nanoparticles in comparison to alloy TCN2 and TCO2 and core- 

shell TCH2 nanoparticles [ *: SnO2, . :C, + : Sn, s : substrate,]. 

In sample TTN2 : ‘*’ denotes (110) and (220) planes of SnO2 

phase at 2Ɵ = 26.5° and 54.9° respectively , in TTH2 ‘+’ denotes 

(101), (211) and (112) planes of  the Sn phase at 2Ɵ = 32.04°, 

44.9° and 62.5° respectively , while ‘+’ at 2Ɵ =  32° and  62.5° 

93 



xv  

 respectively denotes (101) and (112) planes of the Sn phase in 

 

sample TCH2. 

 

Figure 3.6 PL spectra of (a) SnO2, (b) SnOx and (c) SnO nanoparticles with 

variable stoichiometeries, (d) SnO2:C and (e) SnOx:C alloy and 

(f) C@SnOx core shell nanoparticles, showing the corresponding 
 

fitted peaks. 

95 

Figure 3.7 Comparison in the PL spectra of (a) SnO2 and alloy SnO2:C 

nanoparticles (b) SnOx and alloy SnOx:C nanoparticles and (c) 

SnO and core- shell SnO:C nanoparticles (fitted peaks illustrated 

in table 3.1 for comparison) highlighting the drastic change in 

intensities of the various peaks on C incorporation. 
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Figure 3.8 Schematic diagram illustrating the possible emission  processes 

(1-3) in the SnOx and SnOx:C system upon excitation, thereby 

modelling the origin of various PL peaks observed in the spectra. 
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Figure 4.1 (a) Optical image of the IDE pattern for the fabricated sensor 

device (b) TEM of the nanoparticles deposited (c) Schematic of 

the deposited nanoparticles on the IDE device fabricated. 
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Figure 4.2 (a) Sensing response of SnO2 nanoparticles (SN) and SnO2:C 

alloy nanoparticles (SC) measured at 50°C on exposure to 2% H2. 

Solid and dotted lines represent time at which H2 gas was switched 

ON and OFF, respectively. (b) Sensing response of SnO2 

nanoparticles (SN) and SnO2:C alloy nanoparticles (SC) measured 

at 50°C on exposure to ethanol. Solid and dotted line represent 

time at which ethanol gas was switched ON and OFF, 

respectively. 
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Figure 4.3 Schematic   illustrating   (a)   the   n-   type   response   of   SnO2 

 

nanoparticles( SN) on exposure to analyte gases H2 / ethanol 

resulting in a negative sensing response (b) response of SC on 

exposure to H2 and thechange-over from n- to p- type in H2 

ambient, +ve sensing response and (c) n- type response of SC on 

exposure to ethanol. The catalytic role of carbon in H2  gas and 

passivating effect in ethanol is also shown. 

113 

Figure 4.4 Comparison between the sensing response of (a) SN and (b) SC 

 

samples to H2 and ethanol as a function of sensing temperature. 
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Figure 4.5 Arrhenius plots of SN and SC samples on exposure to (a) H2 and 

(b) ethanol highlighting the activation energy and hence the 

different sensing mechanisms involved. 
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Figure 4.6 Comparison drawn between the PL spectra of samples SN and SC. 

With peak ‘-1: a1 & b1’ reported to be quite close to the band 

edge, peak ‘-2: a2 & b2’ attributed to oxygen vacancies and peak 

‘a3’ to Sn interstitials, a new peak ‘b3’ seems to be characteristic 

of the SnO2:C alloy formed. Broad peak “-2” of sample from 416 

nm to 747 nm with high intensity in SC is shown in the form of 

de-convoluted peaks b1,b2 and b3.This peak broadening and 

increased intensity is attributed to an increase in the number of 

oxygen vacancies on addition of carbon and sintering. 
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Figure 4.7 Sensing response of (a) SnO nanoparticles (SN2) and (b) 

C@SnO core-shell nanoparticles  (SC2)  measured  at  50°C on 

exposure to 2% H2 and ethanol. Solid and dotted lines represent 
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 time at which the analyte gas was switched ON and OFF, 

 

respectively. 

 

Figure 4.8 Comparison drawn between the PL spectra of samples SN2 and 

SC2. With peak ‘α’ reported to be quite close to the band edge, 

peak ‘β’ attributed to oxygen vacancies and peak ‘γ’ to Sn 

interstitials. Peak broadening and increased intensity is attributed 

to an increase in the number of oxygen vacancies on addition of 

carbon and sintering. 
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Figure 4.9 Comparison drawn between the XPS spectra of samples SN2 and 

SC2 of the O1s and Sn3d levels. A clear shift to higher B.E, values 

can be seen on core-shell structure formation. 
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Figure 4.10 Sensing response of (a) SnO2 nanoparticles (u-SN & SN) (n- type 

response) measured at 100°C on exposure to 2% H2. Solid and 

dotted representing time at which H2 gas was switched ON and 

OFF respectively.(b) Sensing response of SnO2 nanoparticles (u- 

SN & SN) (n-type response) (c) Sensing response of SnO2:C alloy 

nanoparticles (u-SC & SC) (p-type response). Note a higher 

sensing response in u-SN and u-SC in comparison to SN and SC 

respectively. 
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Figure 4.11 Change in sensing response (resistance) for SnO2 and SnO2:C 

nanoparticles: u-SN, SN, u-SC & SC on exposure to 2% H2 

measured as a function of sensing temperature. 
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Figure 4.12 PL spectra of (a) u-SN and SN and (b)u-SC and SC samples. With 

peak”1” reported to be quite close to the band edge, peak”2” 

attributed to oxygen vacancies and peak”3” to Sn interstitials, a 
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 new peak 3` seems to be characteristic of the SnO2:C alloy 

formed. Broad peak “2” from 416 nm to 747 nm with high 

intensity in SC is shown in the form of de-convoluted peaks 1`, 2` 

and 3`.This peak broadening and increased intensity is attributed 

to an increase in the number of oxygen vacancies on addition of 

carbon and sintering [discussed in Section 3.3.3]. 

 

Figure 5.1 Schematic diagram showing the synthesis of SiSn core-shell 

nanoaprticles (S3) from unsinterd Si-Sn nano-agglomerates (S1) 

by introducing a reducing gas mixture composition (2% H2 

balanced N2) of the carrier gas flow into the spark generator 

followed by further sintering into well-crystallined spherical 

nanoparticles. 
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Figure 5.2.1 HRTEM micrographs showing the conversion of (a-c)Si-Sn 

nanonucleates(S1) to SiSn core-shell nanoparticles (S3) with the 

nanostructures obtained at intermediate temperature sintering 

stage (S2).(d) magnified version of sample S1. (e) and (f) image 

corresponding to a single core-shell nanoparticle reflecting the 

contrast and the d-spacings in the diffraction pattern of the core 

and the shell respectively (regions encircled in red). 
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Figure 5.2.2 SAED patterns observed for samples S1(a), S2(b) and S3 (c). 

These images clearly show the evolution of the diffused ring 

pattern to sharp spotted pattern on sintering from nano-nucleates 

to well-defined core-shell nanoparticles. 
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Figure 5.2.3 EDX pattern of the (a) shell and the (b) core respectively for 

sample S3. These graphs indicate the core to be Si-rich and the 

shell to be Sn-rich. 
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Figure 5.3 XRD graphs for samples S1, S2 and S3 with the characteristic 

peak splitting observed only for samples S1 and S3, and a new 

alloy peak for sample S2. 
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Figure 5.4 XPS spectra showing a clear shift in O1s, Sn3d, Si2p and Si2s 

levels to lower binding energies on sintering from nano-nucleates 

(sample S1) to core-shell nanoparticles (sample S3). 
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Figure 5.5 PL spectra for samples S1, S2 and S3. 149 

Figure 5.6 Raman spectra observed for samples S1, S2 and S3. 151 

Figure 5.7 Dispersion relation and total DOS for: (a) Si in diamond structure 

 

and (b) α-Sn. 
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Figure 5.8 Dispersion relation and total DOS for the zinc- blende SiSn 

 

structure. 
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Figure 6.1 Schematic illustration of the Integarted gas phase synthesis setup 

optimised for the growth of (a) Au nanoparticles and (b) 

Au@silica nanoparticles. 
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Figure 6.2 (a) A schematic of the Yee cell used in FDTD simulations. (b) The 

overlay of the simulation setup showing the layout of the sources, 

monitors, meshes, and boundary layers used for the calculations. 
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Figure 6.3 Screen shots of the simulation setup for (a) single Au nanoparticle, 

(b) collection of Au nanoparticles and (c) & (d) for a collection of 

multiple core-satellite Au@ SiO2 nanoparticles. 
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Figure 6.4 HRTEM micrographs illustrating the morphology of the as- 

synthesized mono-dispersed Au nanoparticles (Dm= 14 nm) as a 

function of sintering temperature. 
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Figure 6.5 SAED pattern of Au nanoparticles as a function of sintering 

temperature illustrating the transformation of the diffused SAED 

pattern corresponding to nano-nucleates to a sharp dotted pattern 

for the crystalline mono-dispersed Au nanoparticles at 750°C. 
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Figure 6.6 

 
(a) Au nanoparticles with Dm= 9 nm and (b) Dm = 14 nm 

synthesized with optimised flow rates and sintering temperatures 

of 2 l/min, 420°C for (a) and 1 l/min, 750° C for (b). 
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Figure 6.7 HRTEM micrographs showing the synthesis of multiple core- 

shell Au@SiO2 nanoparticles from nano-nucleates as a function 

of sintering temperature. Re-evaporation of Au nanoparticles 

leaving the amorphous silica behind can be seen at temperatures 

greater than 850°C. 
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Figure 6.8 HRTEM micrographs showing the multiple core-satellite, shell 

Au@SiO2 nanoparticles (sample AS4) along with the acquired 

EDX pattern. 
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Figure 6.9 XRD measurements of the Au@SiO2 nanoparticles as a function 

of sintering temperature from AS1 (RT) to AS2 (250°C) to well 

sintered core-shell nanoparticles (AS4) with ‘*’ indicative of new 

interface/alloy peaks. 
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Figure 6.10 The observed Raman spectra for samples AS1, AS2 and AS4. 170 
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Figure 6.11 The observed UV-Vis spectra for the Au@SiO2 core-shell 

nanoparticle system as a function of sintering temperature. The 

plasmon peak shows a clear blue shift from 531.1 nm to 527.4 nm 

to 519.2 nm on sintering samples from AS1 to AS2 to AS4 

respectively. 
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Figure 6.12 A summary of the comparison drawn between the UV-Vis spectra 

of Au and Au@SiO2 nanoparticles. A clear blue shift in the 

spectra is observed on SiO2 coating. 
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Figure 6.13 The calculated absorption spectra showing the effect of increasing 

the number density by drawing a comparison between the 

absorption spectra of a single isolated Au nanoparticle (d= 15 nm) 

with that for a cluster of such Au nanoparticles. 
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Figure 6.14 The electric field intensity mapping calculated for (a) a single 

isolated Au nanopaticle(d= 15 nm) and (b) for a collection/cluster 

Au nanopaticles of diameter= 15 nm as a function of wavelength, 

with blue representing low electric field intensity and red 

representing high electric field intensity. A clear high level of 

absorption within the nanoparticle can be seen at the plasmonic 

wavelength. 

174 

Figure 6.15 Comparison drawn between the absorption spectra calculated for 

a single isolated Au @SiO2 core-shell nanoparticle (dSiO2= 15 nm, 

dAu= 3 nm) and a collection of Au @SiO2 core-shell nanoparticles 

(dSiO2= 15 nm, dAu= 3 nm). 
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Figure 6.16 A  comparison  between  the  experimentally  observed  and  the 

 
theoretically calculated absorption spectra of (a) Au nanoparticles 
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 (d=15 nm) and (b) Au@SiO2 core-shell nanoparticles (dSiO2= 15 

 

nm, dAu= 3 nm). 

 

Figure 6.17 The xy- monitor view of the electric field intensity distribution 

calculated using FDTD simulations for (a) a single isolated 

multiple core-satellite, shell Au@SiO2 nanoparticle (dSiO2= 15 nm, 

dAu= 3 nm) with the xy- monitor , and for (b)  a collection  of 

multiple core-satellite, shell Au@SiO2 nanoparticle (dSiO2= 15 nm, 

dAu= 3 nm) as a function of wavelength. While blue indicates low 

electric field intensity, red denotes a high electric field intensity. 

A clearly high absorption within the core – Au sites can 

be seen at the plasmonic wavelength. 
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Figure 6.18 A schematic diagram showing the different parameters which are 

used in the study: (i) d core = 3 nm Au nps, (ii) d shell = 15 nm 

SiO2 shell and (iii) fixed number density (N=6). 
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Figure 6.19 Simulated absorption spectra showing the effect of increasing the 
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Figure 6.22 Simulated absorption spectra showing the effect of changing the 
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Figure 6.23 Simulated absorption spectra showing the effect of changing the 
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181 



xxiii  

Figure 6.24 Absorbance spectra of (a) 6.5 ng/ul of genomic DNA interacted 

with surface of AS4 sample (b) 0.65 ng/ul of DNA interacted with 

surface of AS4 sample (c) 0.65ng/ul of DNA interacted with 

surface of AS 2 sample.The inset shows the spectra of DNA 

absorbance peak corresponding to the above samples. 
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Figure 7.1. Schematic of the vertical sandwich configuration of the 

nanoparticle –thin film composite used for further I-V 

measurements : (a) Al/SiO2/Al and (b) Al/SiO2/ NPs/SiO2/Al. 
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Figure 7.2. I-V measurements for (a) Al/SiO2/Au NP/SiO2/Al, (b) Al/SiO2/Al 

and (c) Al/SiO2/CS (core-shell NPs)/SiO2/Al configurations for a 
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Figure 7.3. A forming voltage of -9.49 V was observed to switch the device 

 

from Initial Resistance State (IRS) to LRS. 
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Figure 7.4. Schematic representation of Au nanoparticles (shown in yellow) 

embedded in SiO2 thin film matrix (shown in brown). (b) Upon 

application of an applied bias voltage, the nanoparticles show 

interconnection by sets of conductive filaments which form along 

the direction of current flow due to electromigration. (c) Several 

filaments may exist at the junction between two particles which 

can be broken or strengthened with the current flow. 
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